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Abstract 


Nanoparticles are extensively studied for their promising biological properties. In this study, the fruit extract of 
Abelmoschus esculenthus L. was used as a chelating agent for the synthesis of zinc oxide nanoparticles (ZnOPs-AE) 
using a zinc acetate solution. The prepared ZnOPs-AE were identified and characterized using UV-vis spectroscopy, 
Fourier-transformed infrared spectroscopy (FTIR), particle size analyzer (PSA), scanning electron microscopy (SEM), 
and energy dispersive spectrum (EDS). The green synthesized ZnOPs-AE were evaluated for their antioxidant, 
photoprotective, anti-inflammatory, and antibacterial activities. The synthesized nanoparticles showed an intensity 
peak at 370 nm in the UV-vis spectrum. The FTIR result shows the presence of O-H, C=O, C-O, C-OH, and C=C 
chelating functional groups on the surface of nanoparticles. The size of ZnOPs-AE was determined using a PSA with 
particle size distribution of 102.2 nm. The ZnOPs-AE were shown to be spherical by SEM analysis and composition 
was 82.11% and 14.79% for Zn and O, respectively. The antioxidant properties of ZnOPs-AE showed significant 
antioxidant potential in DPPH, ABTS, and FRAP assays compared to the quercetin standard. The photoprotection 
activity test showed a SPF value of 19.63, the percentage of erythema transmission was 5.98%, and the percentage of 
pigmentation transmission was 5.62%. The ZnOPs-AE showed good anti-inflammatory with the synthesized 
nanoparticle performing activity between positive control and the fruit extract of Abelmoschus esculenthus L. Also, 
the ZnOPs-AE exhibited good antibacterial activity against Staphylococcus aureus (20.78 mm) and Pseudomonas 
aeruginosae (11.13 mm). Overall, the results highlight the effectiveness and potential of ZnOPs-AE for biological 
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application. 
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1. INTRODUCTION 


Modern translational research makes extensive 
use of the technology known as nanoscience or 
nanotechnology. Generally, the methods for the 
synthesis of nanoparticles are usually classified into 
two categories, the physical and _ chemical 
techniques. Various methods have been reported in 
order to synthesis nanoparticles, but the use of toxic 
solvents could potentially generate unsafe and 
hazardous byproducts and often involve high 
energy consumption. The development of green 
processes for the synthesis of nanoparticles has 


been evolving into an important branch of 
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nanotechnology as green nanotechnology deals with 
safe and ecofriendly methods for nanomaterials 
fabrication which is considered as an alternative to 
conventional methods [1][2]. 

The manufacture of metal nanoparticles using 
green chemistry, an ecologically friendly process, 
and the use of biological components including 
bacteria, fungi, yeast, and plants has significantly 
increased in recent years [3]. According to Selvan 
et al. [4], the addition of several phytochemical 
substances such as tannin, flavonoids, proteins, and 
polysaccharides causes the activity of the resultant 
nanoparticles to be higher, including antibacterial, 
anticancer, antioxidant, and other properties. Zinc 
oxide, silver, gold, copper oxide, palladium, 
platinum, titanium dioxide, and iron oxide are just a 
few of the metal nanoparticles that have been 
created using plant extracts [5][6]. 

One source of significant chemicals that can be 
employed in the green synthesis approach for the 
synthesis of nanoparticles is the fruit extract of 
Okra (Abelmoschus esculentus L.). According to 
Ayushi et al. [7], compounds such as tannins, 
alkaloids, carbohydrates, terpenoids, steroids, 
flavonoids, proteins, and polyphenols are abundant 
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Figure 1. Green synthesis scheme of ZnOPs-AE. 


in this plant. The phytocomponent in A. 
esculenthus L. that is quite influential is flavonoids, 
which are belong to polyphenolic compounds [8] 
[9]. 

The green synthesis in this work involves the 
extraction of compounds using environmentally- 
friendly solvents, i.e. distilled water. The fruit 
extract of A. esculentus L is then mixed with the 
metal precursor to targeted 
nanoparticles. The presence of 


compounds in the plant extract is a key factor in the 


produce the 
bioactive 


formation of nanoparticles in the green synthesis 
approach. These compounds have the ability to 
reduce the metal ions into metal nanoparticles via 
various oxidation processes. The functional groups 


in the phytochemical compounds, such as 
polyphenols, can chelate metal ions and form 
coordinated complexes, which are thermally 


decomposed to obtain the target nanoparticles. The 
phytochemicals in the plant extract can also act as a 
stabilizing agent to prevent the resulting 
nanoparticles from agglomeration [10][11]. One of 
the extremely promising inorganic oxides that has 
lately caught the attention of many scientists is zinc 
oxide (ZnO) [12]-[14]. Because they are simple to 


manufacture, affordable, and safe for both humans 
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and animals, ZnO-NPs are of special interest in this 
study. 

Free radicals, also known as reactive oxygen 
species (ROS), can cause oxidative damage, 
interfere, and disrupt the antioxidant system, and 
can be produced as a result of excessive sun 
exposure. Prolonged and chronic ultraviolet (UV) 
exposure has been shown to have negative effects 
on the skin, including erythema, edema, 
photoaging, wrinkles, sunburn, photosensitivity, 
immunosuppression, and carcinogenesis [15]. Skin 
cancer growth is linked to UV 
particularly UV-B radiation, and 
melanoma and nonmelanoma skin cancer [16]. Skin 


exposure, 
includes 


damage caused by sun exposure in Indonesia 
continues to increase [17]. 

Consumer needs have expanded beyond basic 
UV protection to include natural ingredients, 
however, the majority of solutions on the market 
today use synthetic active ingredients like titanium 
oxide, benzophenone, and bisdisolizole disodium, 
which may be dangerous when used for an extended 
period of time [18]. Due to their safety and capacity 
for a variety of biological effects on the skin, 
natural plant extracts are increasingly popular as 
protective agents added to cosmetic formulas today 
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[19]. Natural components have been regarded as 
photoprotection agent because they can inhibit the 
formation of UV-ROS or free radicals and the lipid 
peroxidation (LPO) that is associated with them. 
Additionally, they can act as a stimulant in the first 
phase of photosynthesis due to their potentially 
significant biological antioxidants and as _anti- 
inflammatory agents [20]. 

ROS that UV causes to be created as a result of 
UV exposure may oxidize and damage cellular 
lipids, proteins, and DNA, altering and frequently 
destroying skin structures and impairing their 
normal function [21]. ROS and the body's natural 
antioxidant system (AO), 
glutathione, are out of balance as a result of UV 
exposure to the skin [22][23], which leads to the 
production of cytokines that contribute to the 


such as reduced 


development of skin inflammation [24]. Skin 
inflammation will expand _ interendothelial 
junctions, separate endothelial cells, produce 


vasodilatation, increase microvascular protein and 
fluid leakage into interstitium, and result in edema 
[25]. As a result of ZnO-NPs' “generally recognized 
as safe” (GRAS) certification from the FDA, it is 
favored for use in a variety of biological tests as an 
IUV [26][27]. 
Numerous uses of ZnO-NPs in diagnostics and 
medicine administration 
demonstrated [28]. 
ZnO-NPs of leaf, stem and callus extracts of 


photoprotection component 


have also been 


Tabernaemontana heyneana could exhibit potent 
radical scavenging activity, strong  anti- 
inflammatory (membrane stabilization) activity, and 
in the 


a greater potentiality degradation of 


carcinogenic [29]. ZnO with the leaf extract of P. 
odoratissimum can as antioxidant which revealed 
scavenging activity, the antibacterial 
against four pathogenic bacterial strains, and as anti 


efficacy 


-inflammatory by improving the membrane stability 
of lysosome cells [30]. The nanorods were able to 
block irradiations in both the UV-B and UV-A 
range with broadband protection and antimicrobial 
against both Gram-positive and Gram-negative 
bacterial strains [31]. Due to their UV-absorbing 
ZnO-NPs have 
demonstrated surprising applicability in sunscreen 
agents. The sun emits UV radiation, a kind of 


abilities and optical clarity, 


electromagnetic radiation, as waves or particles 
with a range of wavelengths and frequencies. The 
three kinds of UV light are known as UV-A, UV-B, 
and UV-C. Before it reaches the globe, the ozone 
layer absorbs UV-C, but it does not completely 
block UV-A and UV-B rays [32]. 


2. MATERIALS AND METHODS 


2.1. Materials 

Abelmoschus esculentus L. fruit from the garden 
in Purwodadi, Indonesia and identified at the 
Biology Laboratory, College of Pharmaceutical 
Sciences Yayasan Pharmacy Semarang in June 
2022. Laboratory grade Zinc acetate dihydrate (Zn 
(CH3COO),°2H2O), sodium hydroxide (NaOH), 


quercetin, 1,1-diphenyl-2-picrylhidrazyl (DPPH), 
2,4,6-tris(2-pyridyl)-1,3,5-triazine (TPTZ),  2,2- 
azinobis-3-ethylbenzothiazoline-6- sulfonic acid 


(ABTS), Bovine Serum Albumin (BSA), and tris 
base, were purchased from Merck Sigma-Aldrich 


Table 1. Results of phytochemical and TLC of Abelmoschus esculentus L. fruit extract. 


Phytochemical Chemical Identification TLC Identification 

Phenol Black blue + spot Rf 0.83 

Tanin Black blue + spot Rf 0.83 

Flavonoid Amy] alchohol yellow or orange + spot Rf 0.73 

Saponin + stabil of foam + spot yellow Rf 0.39 
Triterpenoid + green + spot green Rf 0.31 
Alkaloid with Dragendrof formed brick-red sediment + spot orange brown Rf 0.74 


with Mayer formed white sediment 


with Buchardat red-brick sediment 
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Figure 2. UV- vis spectrum of A. esculentus extract and ZnOPs-AE. 


Reagent Pte, Singapore. While, ethanol, methanol, 
NaCl, sodium diclofenac (Dexa Medica), MSA 
media, Mac Conkey Agar (MCA) media from 
Oxoid, and aqua bidestillate were used in this work. 


2.2. Methods 


2.2.1. Preparation of Ethanol Extract 

Okra fruits were collected and washed with 
running water and dried with drying cabinet. The 
dried simplisia was mashed using a_ blender. 
Extraction was carried out using 10 g of dry powder 
of Okra Fruit in 100 mL ethanol 80%. The mixture 
heated to 90 °C for 150 min and then filtered. 
Before use, the extract was stored at 4 °C [33]. 


2.2.2. Screening Flavonoid 

Wistater's reagent, when the sample is mixed 
with concentrated HCl and magnesium powder, a 
yellow color will result from the presence of 
flavonoids. If positive flavonoids are present, the 
orange color will appear when the sample is mixed 
with a reagent containing 10% NaOH. Bate-Smite- 
Metcalfe Adding the with 
concentrated H,SO, and putting it in a waterbath 
will cause red color for positive flavonoids test. 

The thin-layer chromatography (TLC) test for the 
identification of flavonoids: the stationary phase 


reagent, sample 


was silica GF 254, and the mobile phase was a 
mixture of n-butanol, acetic acid, and water at a 


(5) PANDAWA 


ratio of 4:1:5. Following elution, the plate is 
inspected using a UV lamp at 254 nm. Flavonoid 
stains after steaming ammonia vapor show a 
brownish-yellow color [34]-[36]. 


2.2.3. Green Synthesis of ZnOPs-AE 

The method used to synthesize ZnOPs-AE is the 
co-precipitation method with slight adjustments 
(Figure 1). The liquid extract of Okra fruit (10 mL) 
was mixed with 0.15 M of Zn(CH3COO),:2H,O 
(90 mL) for 60 min in aqueous bath under 
continuous stirring at 70 °C. The mixture was 
added NaOH until pH of 8 and stirred with a 
magnetic stirrer on a hotplate at 70 °C for 60 min 
until colloidal ZnO-NPs formed [34][35]. The 
yellowish-white solid products were collected by 
centrifugation at a speed of 4,000 rpm for 10 min, 
washed with distillate water, dried at 100 °C in an 
oven for 12 h, and ZnO-NPs are obtained through a 
classification process. The solids are fed into the 
furnace at 450 °C for 4 h [36]-[38]. 


2.2.4. Characterization of ZnOPs-AE 

The ZnOPs-AE was initially analyzed by using 
UV-vis spectroscopy (Shimadzu U-1700), FTIR 
and JEOL SEM (Hitachi, Ltd., Tokyo, Japan). 


2.2.5. Determination of Antioxidant Capacity 
All 
quercetin as a standard and used methanol for a 


methods of antioxidant analysis used 
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blank. 


2.2.5.1. DPPH 

As much as 2 mL of the sample was combined 
with 1 mL of 0.lmM of DPPH solution in 
methanol, and the mixture was then incubated at 
room temperature for 30 min in the dark. Using a 
UV-Vis spectrophotometer, the absorbance was 
measured at 517 nm [39]. 


2.2.5.2. ABTS 

The stock solution of ABTS was diluted in 
methanol to produce the working solution, which 
had an absorbance of 0.70 at 734 nm. The sample 
was mixed with 2.0 mL of the ABTS solution. The 
mixture was then incubated for exactly 10 min in 
the dark at room A UV-vis 
spectrophotometer was used to assess the 
absorbance at 734 nm [40][41]. 


temperature. 


2.2.5.3. Determination of Ferric Reducing 
Antioxidant Power (FRAP) 

As much as 0.2 mL of the sample was mixed 
with 4.0 mL the FRAP reagent. After that, the 
mixture was incubated for 30 min at 37 °C in the 
dark. Using a UV-vis spectrophotometer, the 
absorbance was measured at 593 nm [42][43]. 


2.2.6. Determination of UV Photoprotection 
Determination of sunscreen activity in vitro was 


Transmittance (“%) 


4000 3500 3000 


2500 


measured with a spectrophotometer to calculate 
SPF, percentage transmission of erythema and 
percentage transmission of pigmentation [44][45]. 


2.2.7. Antiinflamation 

As much as 50 mL of each sample is taken. 
Then, a 0.2% BSA solution is added until the 
volume reaches 5 mL from the mixture. All 
solutions namely sample, positive control and 
negative control solutions were incubated at 25 °C 
for 30 min and then heated for 25 min at 23 °C [46] 
[47]. After cooling, the solution was vortexed and 
the absorbance measurements were measured with 
UV-Vis spectrophotometry at 660 nm [48][49]. 


2.2.8. Antibacterial 

By using the agar well diffusion technique, the 
antibacterial activity of the nanoparticles was 
assessed against both Gram-negative and Gram- 
positive microbes [50]. The mannitol salt agar 
medium was used for Staphylococcus aureus while 
Mac Conkey used for 
Pseudomonas aeuroginosae. In each plate, five 


agar medium was 
bores were made. A sterile media containing the 
ZnOPs-AE with concentrations of 0.1, 1.0, and 10 
mg/L; negative control (DMSO) and ciprofloxacin 
1 mg/mL were transferred into the inoculated 
plates. The plates were held at room temperature for 
3 h to allow for diffusion before being incubated 
upright at 37 °C for about 21 h to promote bacterial 


— A. esculentus L. Extract 
=— ZnONPs-AE 
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Figure 3. FTIR spectrum of A. esculentus extract and ZnOPs-AE. 
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Table 2. The particle size of ZnOPs-AE. 


Sample Polydisperse Particle Size (nm) 
ZnOPs-AE-1 0.330 118.0 
ZnOPs-AE-2 0.500 105.0 
ZnOPs-AE-3 0.550 98.0 
ZnOPs-AE-4 0.620 81.0 
ZnOPs-AE-5 0.410 109.0 
Average 0.475 102.2 
growth [51]. 


3. RESULTS AND DISCUSSIONS 


3.1. Extraction and Phytochemical Screening 

Ligiud extract with a concentration of 0.1 g/mL 
was identified for its secondary metabolite content 
through phytochemical and TLC tests. 

The results in Table 1 are the same as the 
previous [52][53] | which 
Abelmoschus esculentus L. fruit contains saponins, 
flavonoids, steroids, tannins, and alkaloids. Green 


research states 


biosynthesis is carried out by dissolving liquid 
extract as much as 10 mL in 90 mL of 0.15 M Zn 
(CH3;COO)),. 


3.2. Characterization of ZnONP-AE 

The first important indicator to confirm the 
success ZnOPs-AE biosynthesis is through visual 
observation. When Zn(CH3COO), as a precursor 
was added to Okra fruit extract, the color of Okra 
fruit extract changed from green to light yellow as a 
result of the reaction. Colloids are formed when 
Zn** and OH reach critical solubility levels. When 
Zn** ions are reduced to ZnO by functional groups 
in the Okra fruit extract, excess OH- ions will 
combine with Zn(OH), to create Zn(OH),4"*, which 
then dissociates once again to form Zn”* and OH” 
ions [54][55]. 

The maximum wavelength for Okra fruit extract 
was 260 nm indicating the presence of conjugated 
phenol chromophores and at 370 nm indicating the 
synamoyl functional group which is usually found 
at 350-380 nm [56]. The absorption spectrum 
showed a peak at 352 nm of the green synthesized 
ZnOPs-AE. The surface plasmon resonance (SPR) 
of ZnOPs-AE is between 310-380 nm [57]-[59]. 
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The absorbance peak spectral value of a specific 
ZnOPs-AE indicates the SPR character of nano- 
sized particles (Figure 2). The vibration plasmon 
resonance that occurs will absorb the UV and 
visible light [60]. 

The FTIR spectrum was recorded for the 
nanoparticles synthesized and it was depicted in the 
range of 650-4,000 cm’ in Figure 3. The 
synthesized ZnOPs-AE showed peak around 3,350 
cm’! which indicates the vibration of the O-H group 
characterized by polyphenolic compounds [61]. 
Another peak around 2,853 cm’ correspond to the 
C-H functional group. Other peaks around 1630- 
1665 and 1000-1350 cm indicate the absorption 
band for the C=O and C—O in polyphenolic 
compounds, respectively. Another peak around 600 
~900 cm corresponds to the presence of C-H 
bending of alkene [62]. These peaks suggested the 
presence of different phytochemicals, i.e., phenolic, 
alkaloids, flavonoids, tannins, and organic acids in 
A. esculentus L extract. These compounds interact 
with Zn°*ions via their oxygen donor atoms and 
adsorb on the surface of metals, which established 
by a decrease in peak intensities of bands observed 
in ZnOPs-AE. The absorption peak around 650— 
1,000 cm’! for ZnOPs-AE sample showed the Zn—O 
metallic bond which confirmed the formation of 
ZnO nanoparticles from the A. esculentus extract. 

Information regarding the interaction that occurs 
between secondary metabolite components in 
Abelmoschus esculentus L extract and precursor 
solution in the synthesis process of ZnOPs-AE is 
observed though peak shifts and intensity changes 
in FTIR spectral data. The suspected involvement 
of the O-H group in the Zn** reduction process is 
indicated by the decrease in the 3,350 cm’. The 
calcination process aimed to remove extract using a 
temperature of 450°C for 2 h, but there was still 
weak O-H absorption in the bound 3,358 cm’ [63]. 
In addition, the loss of an absorption band at 2,853 
cm’ in the FTIR spectrum of A. esculentus L 
extract indicates the reaction that occurs during the 
bioreduction process. Band shifts in the FTIR 
spectra of ZnOPs-AE indicate the involvement of 
polyols that have functional groups such alcohols 
and carboxylic acids during the bioreduction 
process [64]. In the FTIR spectrum of ZnOPs-AE, 
there is a peak shift and an increase in intensity in 
the 1,600 cm’ region for the C=O functional group. 


181 


J. Multidiscip. Appl. Nat. Sci. 


This can be seen from the appearance of the typical 
vibrations of ZnOPs-AE in the 672 cm’! area. Based 
on the results of FTIR, it is suspected that the main 
groups involved in the Zn** bioreduction process 
are O-H, C=O, C-O, C-OH and C=C functional 
groups which are derivates of phenol and 
polysaccharide compounds contained in the extract 
[65]. Phenol and polysaccharide compounds in the 
extract with the help of NaOH reduce Zn” ions to 
Zn’. These phenol and polysaccharide compounds 
are reduction agents that play a role in the Zn” 
bioreduction [66]. 

The particle size of ZnOPs-AE is shown in Table 
2. The ability to form nanosized particles is strongly 
influenced by a strong stabilizer to prevent 
aggregation so that it can limit cluster growth. Thus, 
the Zn° cluster formed does not grow into a larger 
size and remains in nano-sized. ZnOPs-AE formed 
in this study has an average particle size of 102.2 
nm, which a nano-sized particle [67]. 

In addition to particle size, the results of PSA 
analysis also indicate particle distribution and 
particle 
distribution, the better the particle homogeneity 
[68]. Based on the SEM can be known in Figure 4 
(a), the results show that the ZnOPs-AE cluster 
shapes produced include hexagonal, cubic and 


uniformity. The narrower the size 


spherical sheets, 
dominant. 


with spherical being cluster 


This is due to the content of antioxidant 
polyphenol compounds found in Okra fruit extract 
which acts as a stabilizing agent. The nanoparticles 
are believed to be formed by a redox process 
involving polyphenols as the reducing agent [69]- 
[72]. It appears that the results of compound 
particles produced with green synthetase in this 


7200 


study characterized at a voltage of 10 kV show a 
fairly regular morphology and the structure is wide. 
EXD results ZnOPs-AE showed results with a 
composition of 82.11% Zn and 14.79% O with a 
ratio 6:1 in Figure 4(b). The results of the mapping 
analysis show evidence that the distribution of the 
zinc element is relatively more than that of the 
oxygen element. 


3.3. Antioxidant Activities 

The methods used to determine antioxidant 
activity are DPPH, ATBS, and FRAP methods [73]. 
In this study, three kinds of method were used to 
determine the results of the activity test because a 
sample can be said to have antioxidant activity if 
has been tested using at least 2 antioxidant testing 
It was found that the DPPH radical 
scavenging activity of the ZnOPs-AE increased 
with increasing doses. DPPH and ABTS methods 
they have the 
mechanism in inhibiting free radicals, namely the 


methods. 


were chosen because same 
mechanism of capturing free radicals. The third 
method used to determine antioxidant activity is the 
FRAP method. The principle of the FRAP method 
is a reducing agent, which is an indicator of the 
potential of a compound as an_ antioxidant. 
Reducing power is measured by the ability of an 
antioxidant to convert ferric ions (Fe*’) into ferrous 
ions (Fe*’) so that the antioxidant power of a 
compound is analogous with the reducing ability of 
the compound. When the sample solution reacted 
with FRAP solution, a blue TPTZ-Fe** complex 
was found and then detected spectrophotometrically 
at 595.40 nm with an operating time of 10 min [74]. 
The antioxidant capability of biosynthesized ZnOPs 
-AE was increased in the experiments using five 
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Figure 4. (a) SEM and (b) EDS results of ZnOPs-AE. 
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Figure 5. Antioxidant activity of quercetin standard (Q), ZnOPs-AE (N), and Extract Okra fruit extract (E). 


different concentrations, 1.e., 20, 40, 60, 80, and 100 
mg/L. The results of potential antioxidant of 
ZnONP-AE as shown in Figure 5. 

The ICsp of DPPH, ABTS and FRAP methods 
for standard quercetin, ZnOP-AE and A. esculentus 
L extract were below 50 mg/L, which were 
included in the category of very strong. Analysis of 
antioxidant data in this study statically using SPSS 
obtained normal and homogeneous data results with 
a significance value of higher than 0.05. Based on 
post ANOVA test of standards antioxidant of 
quercetin, ZnONP-AE, and Okra fruit extract in 
each method showed that there were significant 
differences between groups with a significant 
difference between groups with a significance value 
of less than 0.05, so it can be concluded that there 
are differences in results between groups in the in 
vitro antioxidant test. 


3.4. Photoprotection UV Activity 

Using a UV-vis spectrophotometer, the 
photoprotective capability of the synthesized 
ZnOPs-AE was examined. Along with the SPF 
rating, the sample sunscreen protection level may 
also be described by the erythema and pigmentation 
transmittance percentages. Sample absorbance was 
measured in the UV-B radiation spectrum (290-320 
nm) to determine the SPF value. The primary cause 
(erythema), 
photocarcinogenesis is UV-B radiation [75]. SPF 


of — sunburn photoaging, and 
values are often used to assess sunscreen protection, 
particularly against UV-B rays [74]. The SPF value 
sunscreen commercial, ZnOPs-AE, and A. 


esculentus L extract were higher at increasing 
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concentration based on the results displayed in 
Table 3. The 100 mg/L ZnOPs-AE sample showed 
the SPF value of 15 including category medium. 
Another has action in preventing skin pigmentation 
(additional protection category), and also prevents 
erythema since the resulting percentage 
transmittance was included in the sunblock range of 
290-320 nm UV rays with an additional protection 
category of sunscreen may be absorbed by 95% or 
more [76]. 

According to Mojeski et al. [77], the percentages 
of erythema or pigmentation transmission are the 
accumulation of UV energy that is transmitted by 
sunscreen on the erythema or pigmentation 
spectrum. Athiyah et al. [78] stated the substance 
referred to as having sunblock action when it can 
completely shield the skin against UV-A (322.5- 
372.5 nm) and UV-B (292.5—337.5 nm) rays, which 
can induce erythema and pigmentation. The sample 
of ZnOPs-AE gave a higher SPF level of activity in 
shielding the skin from UV-A radiation that causes 
pigmentation, according to the results of erythema 
and pigmentation percentages. Due to absorption, 
reflection, and scattering of UV and visible light, 
ZnOPs-AE possesses UV attenuation capabilities. 
According to Antoniou et al. [79], ZnO physical 
sunscreens are very effective, photostable, and they 
provide protection that extends into the UV-A and 
visible bands with essentially little possibility of 
causing irritation or sensitization. Analysis of SPF, 
% erythema and % pigmentation data in this study 
statically using SPSS obtained normal and 
homogeneous data results with a significance value 
of higher than 0.05. Based on post-ANOVA test of 
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commercial sunscreen, ZnOPs-AE, and Okra fruit 
extract in each method showed that there significant 
differences between groups with a significant 
difference between groups with a significance value 
of less than 0.05, so it can be concluded that there 
are differences in results between groups for in vitro 
SPF, % erythema and % pigmentation. 


3.5. Anti-Inflammatory Activity 

The body uses inflammation as a mechanical 
defence against different hazardous substances, 
germs, irritants, unfavorable stimuli, and damaged 
cells. Inhibiting protein denaturation is a test that 
may be used to screen for anti-inflammatory 
activity as protein denaturation is one of the factors 
that when inflammation _ starts. 
Therefore, developing anti-inflammatory 
medications will benefit from employing substances 
that can stop protein denaturation [80]. BSA is one 
protein that can be used as an anti-inflammatory 


determines 


test. BSA will undergo denaturation when heated. 
This is a marker where albumin is damaged when 
induced by heat so that the body is considered a 
foreign material therefore the body fights through 


Table 3. Photoprotective UV. 


Sample Concentration (mg/L) Average SPF 
Sunscreen 100 23.9219 
Sunscreen 80 18.5276 
Sunscreen 60 15.9165 
Sunscreen 40 13.4030 
Sunscreen 20 11.6111 
ZnONP-AE100 19.6360 
ZnONP-AE 80 15.1792 
ZnONP-AE 60 12.2733 
ZnONP-AE 40 8.1615 
ZnONP-AE 20 6.6628 
Extract Okra Fruit 100 1.2864 
Extract Okra Fruit 80 1.2443 
Extract Okra Fruit 60 1.1771 
Extract Okra Fruit 40 1.1395 
Extract Okra Fruit 20 1.1229 
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inflammatory mechanisms. The absorption data 
obtained is then calculated as the percentage of 
inhibition (Figure 6). The sample can have anti- 
inflammatory activity if its percent inhibition is 
more than 20% [81]. 

The percent inhibition data of the positive 
control solution (diclofenac sodium) concentration 
of 25 mg/L can inhibit protein denaturation by 25%. 
ZnOPs-AE concentration of 60 mg/L can inhibit 
protein denaturation by 23%, while the extract at a 
concentration of 100 mg/L can inhibit protein 
denaturation by 25%. Based on these data, the 
potential inhibition of protein denaturation owned 
by the extract was smaller than ZnOPs-AE while 
ZnOPs-AE had a smaller potential of inhibition 
protein denaturation than positive control solution. 
Statistical analysis of anti-inflammatory data 
obtained using SPSS. The data showed normal and 
homogeneous data results with a significance value 
of higher than 0.05. Based on post-ANOVA test of 
diclofenac sodium and ZnOPs-AE showed that 
there no significant differences between groups. 
ZnOPs-AE and extract showed that there were no 
significant differences too but diclofenac sodium 


Average % Pigmentation 


6.2536 5.8521 
6.0649 5.6739 
5.5551 5.2143 
5.1694 4.8825 
4.5177 4.3035 
5.9875 5.6233 
5.1412 4.8501 
4.7579 4.4568 
3.9661 3.6959 
3.5281 3.2906 
83.4161 87.9416 
83.9454 88.7063 
88.3327 91.7871 
89.7566 93.1190 
89.949] 93.5026 


and extract showed that there were significant 
difference between groups with a significance 


value of less than 0.05 (Figure 6). 


3.6. Antibacterial Activity 

By using the agar well diffusion technique, the 
antibacterial activity of the ZnOPs-AE was 
examined against a range of Gram-positive and - 
negative harmful bacteria. Biosynthesized ZnOPs- 
AE reduced Pseudomonas aeruginosae and 
Staphylococcus aureus growth. The different 
structural and chemical compositions of the 
bacterial cell walls can be ascribed to the variation 
in effectiveness [82]. According to research, Gram- 
negative bacteria, Pseudomonas aeruginosae, have 
external lipopolysaccharide (LPS) membranes that 
protect the peptidoglycan layer and help the 
bacteria survive. As a result, the inhibitory zone 
diameter produced by ZnOPs-AE is smaller for 
Gram-negative bacteria than for Gram-positive 
bacteria. The outcomes showed that all bacterial 
strains were significantly inhibited by the 
biosynthesized ZnOPs-AE. Figure 7 shows. that 
substantial zones against 
Staphylococcus (20.79 
Pseudomonas aeruginosa (11.13 mm) at 10 mg/L 


antibacterial 
aureus mm) and 
concentration. 

Reddy et al. [83] have noted the same findings, 
highlighting how Gram-positive bacteria are more 
susceptible than Gram-negative bacteria. It has been 
suggested that changes in cell wall construction, 
cell physiology, metabolism, or level of contact 
may be responsible for Gram-positive bacteria's 
increased sensitivity. It is clear from these findings 
that ZnOPs-AE are potent antibacterial agents 
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Figure 6. Anti-inflammatory activity of diclofenac 
sodium standard (Q), ZnOPs-AE (N), and Extract 
Okra fruit extract (E). 


against both Gram-positive and Gram-negative 
bacteria. The concentrations of ZnOPs-AE used in 
this study are 0.1, 1.0, and 10 mg/mL. An increase 
in the sample concentration will increase the 
diameter of the resulting inhibitory zone. Statistic 
analysis of antibacterial data using SPSS showed 
normal and homogeneous data results with a 
significance value of higher than 0.05. Based on 
post-ANOVA test of ciprofloxacin and ZnOPs-AE 
in each method showed that there were significant 
differences between groups with a significant 
difference between groups with a significance value 
of less than 0.05, so it can be concluded that there 
are differences in results between groups in 
diameter inhibitory zone. 

There are few bactericidal processes that have 
been postulated by researchers to explain ZnOPs's 
action. Researchers hypothesized that the released 
Zn from ZnOPs has hazardous qualities that are 


Figure 7. Antibacterial activity of ZnOPs-AE against (a) Staphylococcus aureus and 


(b) Pseudomonas aeruginosae. 
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causing it to block several bacterial cell processes 
including metabolism and enzyme activity, which 
causes bacterial cell death [83]. The creation of 
ROS, which triggers oxidative stress and ultimately 
results in cell death, is another proposed mechanism 
[84]. Another theory is that ZnOPs induce mortality 
by attaching to bacterial cell membranes, 
cytoplasm, 
compromising the integrity of the membranes. This 
causes the contents of the cells to seep out, causing 
cell death [85]. If bacterial cells are killed by these 
nanoparticles, especially in wounds, it can improve 
wound healing in the inflammatory _ phase, 


accumulating inside the and 


especially in wounds with bacterial infections. Dead 
bacterial debris and damaged cells will be 
phagocytosed by macrophage cells so that the 
wound becomes clean and can prepare for tissue 
growth again more quickly compared to wounds 
that still contain bacteria [86]. 

The results of antibacterial testing of metal 
nanoparticles synthesized through green synthesis 
do have potential as antibacterial agents. The results 
of other metal nanoparticle studies related to their 
antibacterial ability tested by the well diffusion 
method as carried out in this study have also been 
widely reported, including Ag metal nanoparticles 
with a nanoparticle size of about 100 nm with a 
concentration of 0.125 w/v able to provide an 
inhibitory zone of 10.10+0.35 mm _ against 
Staphylococus aureus bacteria and 9.1740.45 nm 
against Eschericia coli bacteria [87]. Antibacteria 
activity of iron nanoparticles of Lawsonia inermis 


and Gardenia jasminoides leaves extract with a 
concentration size below 100 nm is able to provide 
approximately the same inhibitory zone of about 11 
—15 mm for both bacteria [88]. It is possible that the 
antibacterial activity of several types of metal 
nanoparticles has the same tendency. The potential 
for Gram-positive bacteria will be greater than 
Gram-negative bacteria. 


4. CONCLUSIONS 


This work uses an Okra fruit extract to 
biosynthesis ZnOPs-AE in a straightforward and 
environmentally friendly manner. The 
biosynthesized ZnOPs displayed distinctive FTIR 
and UV-Vis signals. PSA coupled with SEM-EDX 
and FTIR confirmed the formation of ZnOPs-AE 
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with an average size of 102.2 nm. ZnOPs-AE have 
strong antioxidant activity, medium photoprotective 
activity, sunblock erythema and extra protection 
pigmentation. Anti-inflammatory activity for 
sample with a concentration of 60 mg/L or higher 
with 23% denaturation protein inhibitors and has 
antibacterial activity of Staphylococcus aureus and 
Pseudomonas aeruginosae. 
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